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Abstract 

Background: Serum lens culinaris agglutinin-reactive fraction of a-fetoprotein (AFP-L3%) has been widely used for HCC 
diagnosis and follow-up surveillance as tumor serologic marker. However, the prognostic value of high pre-treatment serum 
AFP-L3% in patients with hepatocellular carcinoma (HCC) remains controversial. We therefore conduct a meta-analysis to 
assess the relationship between high pre-treatment serum AFP-L3% and clinical outcome of HCC. 

Methods: Eligible studies were identified through systematic literature searches. A meta-analysis of fifteen studies (4,465 
patients) was carried out to evaluate the association between high pre-treatment serum AFP-L3% and overall survival (OS) 
and disease-free survival (DFS) in HCC patients. Sensitivity and subgroup analyses were also conducted in this meta-analysis. 

Results: Our analysis results showed that high pre-treatment serum AFP-L3% implied poor OS (HR: 1.65, 95%CI: 1.45-1.89 
p<0.00001) and DFS (HR: 1.80, 95% CI: 1.49-2.17 p<0.00001) of HCC. Subgroup analysis revealed that there was association 
between pre-treatment serum AFP-L3% and endpoint (OS and DFS) in low AFP concentration HCC patients (HR: 1.96, 95% 
CI: 1.24-3.10, p = 0.004; HR: 2.53, 95% CI: 1.09-5.89, p = 0.03, respectively). 

Conclusion: Ihe current evidence suggests that high pre-treatment serum AFP-L3% levels indicated a poor prognosis for 
patients with HCC and AFP-L3% may have significant prognostic value in HCC patients with low AFP concentration. 
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Introduction 

Hepatocellular carcinoma (HCC) is one of the most frequent 
neoplasms worldwide, the fifth most prevalent malignancy and the 
third common cause of cancer-related deaths in the world [1]. 
Despite of the significant advances in surgical techniques, 
anesthesia and medical care, better perioperative managements, 
and new antineoplastic drugs for clinical use, the overall survival of 
HCC patients remains dismal due to a high rate of recurrence or 
intrahepatic metastasis after effective treatments [2]. While 
incidence rates are declining for most cancer sites, HCC is 
increasing among both men and women [1]. Thus, it is important 
to identify molecular predictive markers for the prognosis and 
monitoring metastatic recurrence, which is helpful in the selection 
of therapeutic strategies and can further improve the survival for 
HCC patients. Regrettably, there is no widely accepted approach 



to regular surveillance HCC in the worldwide. Currently, the only 
generally available serologic marker for HCC surveillance, 
diagnosis, and monitoring is serum a-fetoprotein (AFP). The 
combination of ultrasonography (US) and AFP is commonly used 
for surveillance of HCC. However, it has been recognized that 
AFP has limited sensitivity and specificity for HCC while US is an 
indirect diagnostic method depending on operator skill and has 
limited ability to differentiate HCC from nonneoplastic nodules 
[3,4]. Many centers use multidetector CT or dynamic MR 
imaging and AFP. However, there are no data to support the use 
of them for surveillance. 

Recently, the lens culinaris agglutinin-reactive fraction of a- 
fetoprotein (AFP-L3) and des-y-carboxy prothrombin (DCP) have 
been widely used for HCC diagnosis and follow-up surveillance as 
tumor serologic markers in Japan. It has been reported that DCP 
levels have been associated to portal vein invasion and advanced 
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tumoral stage, a fact that prevents the usage of this marker for 
early detection and prognostic surveillance [5]. Moreover, 
subsequent studies have shown that positive pre-treatment serum 
AFP-L3% predicts tumor progression, recurrence and poor 
clinical outcome [6-8], and it has superior prognostic accuracy 
as a tumor marker compared with AFP or DCP [9,10]. 
Nevertheless, conflicting data have emerged regarding the ability 
of pre-treatment serum AFP-L3% to predict disease-free survival 
(DFS) and overall survival (OS) in HCC. Therefore, it is necessary 
to perform a meta-analysis to comprehensively and systematically 
understand the prognostic value of pre-treatment serum AFP-L3% 
in HCC. 

In this study, we sought to conduct a systematic review and 
meta-analysis to estimate the prognostic importance of elevated 
pre-treatment serum AFP-L3 levels for OS and DFS among 
patients with HCC. 

Materials and Methods 

Literature Search 

Studies were identified by electronic searching PubMed, 
Cochrane Library, EMBASE, and Science Citation Index 
Expanded databases (last search updated to June 30, 2013). The 
primary search was based on the random combination of following 
terms 'Lens culinaris agglutinin-reactive a-fetoprotein or AFP-L3', 
'hepatocellular carcinoma or HCC and 'prognosis, survival or 
recurrence'. For references of identified trials, hand-search was 
used. Investigators were contacted and asked to supply additional 
data when key information relevant to the meta-analysis was 
missing. 

Study Inclusion Criteria 

Inclusion criteria were determined by two researchers (JC and 
WW). Studies eligible for inclusion in this meta-analysis if they met 
the following criteria: (i) English language; (ii) proven diagnosis of 
HCC in patients; (iii) provide specific information on survival such 
as HR/logHR and 95% confidence interval (CLV standard error 
(SE) or crude data; (iv) the end-points were DFS or OS; (v) have a 
maximum follow-up time exceeding 2 years. 

Data Extraction and Quality Assessment 

Data were extracted independently by two reviewers (JC and 
WW) and validated by a third one (YL). Simultaneously, if we 
found studies that stemmed from overlapping populations, the 
largest/newest study was included. 

The primary goal of this meta-analysis was to detect the 
prognostic effect of pre-treatment ALP-L3% elevation on OS and 
DFS among HCC patients. For the studies included in this meta- 
analysis, the outcome measures were OS or DFS. OS was defined 
as the interval between the medical treatment (including liver 
resection, transarterial chemoembolisation, radiofrequency abla- 
tion, or liver transplantation, etc.) and the death of patients or the 
last observation. DFS was designated as the date of treatment until 
the detection of the recurrence tumor or the last follow-up 
assessment. To exactly evaluate the value of AFP-L3% in 
predicting patient outcomes from different treatments, we divided 
eligible studies into three groups: surgical treatment group in 
which all HCC patients received curative hepatic resection, and 
radiofrequency ablation (RFA) treatment group with patients 
treated with RFA, and multiple treatments group with patients 
treated by different treatment methods (surgery or RFA or 
transarterial chemoembolisation (TACE) or percutaneous ethanol 
injection therapy (PEIT) ). 



Quality assessment was conducted in each of the available studies 
by using the validated Newcastle-Ottawa Quality Assessment Scale 
for cohort and case-control studies [1 1] as recommended by the 
Cochrane Collaboration Guidelines for the assessment of non- 
randomized studies [12]. The scores range from 0 to 9. Among 
them, 0 and 9 scores were respectively designated as lowest and 
highest quality. The studies with 6 scores or more were graded as 
the high quality ones in the scale [13]. 

Data Analysis/synthesis 

Review Manager (RevMan) 5.0 (The Cochrane Collaboration, 
Oxford, England) and Stata version 1 1 (StataCorp LP, TX) were 
used in the meta-analysis. All reported p-values were two sided. 

The included studies were divided into two groups for analysis: 
those with data regarding OS and those regarding DFS. Data on 
the predictive ability of elevated pre-treatment serum AFP-L3% 
(the cut-off value for elevated serum AFP-L3% was determined by 
the investigators of each study) for OS and DFS in HCC patients 
were combined across studies. For the quantitative aggregation of 
the survival results, hazard ratios (HR) and their 95% confidence 
intervals (CIs) were combined to give the effective value. If these 
statistics were not given explicitly in articles, they were calculated 
from available numerical data using methods reported by Parmar, 
et al [14]. A Chi-squared test was used to assess the heterogeneity. 
A r statistic index greater than 50% and a x 2 p-value less than 
0.10 indicated the presence of significant heterogeneity [15]. The 
random-effect model was used to take between-study variation into 
consideration. Although this does not necessarily rule out the effect 
of heterogeneity between studies, one may expect a very limited 
influence. If substantial heterogeneity existed, subgroup analysis 
was then conducted to explore the potential sources of heteroge- 
neity. Begger's funnel plot and Egger's test were performed to 
assess the publication bias of the eligible studies, where p<0.05 
indicated the presence of publication bias [16]. 

Sensitivity analyses were also conducted by excluding each 
study individually (the results shown as the summary HR of 
eligible studies after excluding the one with largest effect and 
omitting the eligible studies with low quality (NOS score <6) or 
small sample size (<100). In addition, subgroup analyses were 
performed to investigate the prognostic impact of pre-treatment 
serum AFP-L3% alterations on HCC patients in different 
therapeutic method, HBV/HCV infection, AFP-L3 detection 
method, AFP concentration and study design. 

Results 

Selection and Characteristics of Studies 

After the careful screening process, 15 studies met our inclusion 
criteria and were selected for our final meta-analysis [6-10, 1 7-26] . 
The inclusion and exclusion process of the studies is shown in 
Fig. 1 . It is worth pointing out that one of the 1 5 studies consisted 
of two subgroups (Surgery group and RFA group) and their data 
were given respectively, so we analyzed the two subrgroups 
separately [21]. For the study that only provided the detailed data 
about RFA on OS and DFS we used only the relevant information 
in our meta-analysis [19]. Among the 15 studies, one was 
performed in China [7], one in Korea [6], twelve in Japan [8— 
10,17—24,26] and one in America [25]; three prospective studies 
[9,21,23], five retrospective studies [8,17,18,24,25], and seven 
included studies in which study design was not reported clearly. 
The basic feature description of the studies was summarized in 
Table 1. 
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Articles 
(after removal of duplicates) 
n = 149 



Excluded articles (by titles): 

1. Book sections, index, contents 

2. Irrelevant 

3. Other diseases 
n = 36 



Article 
( for abstract) 
n = 113 









Articles 
( for full text) 
n = 83 










Article included 
in meta-analyses 
n=15 ' 





Excluded articles (by abstracts): 

1. Reviews 

2. Case reports 

3. In vitro and animal studies 
n= 30 



Excluded articles (by full-length 
articles): 

1. Non English language 

2. Serum collected after some treatment 

3. Follow-up time less than 2 years 

4. Overlapping populations 

5. Without necessary data 
n= 68 



Figure 1. Flow chart showing the inclusion and exclusion process of literatures. 

doi:10.1371/journal.pone.0087011.g001 



High Pre-treatment Serum AFP-L3% and OS in HCC 

Fig. 2 shows the forest plot for the association between high pre- 
treatment serum AFP-L3% and OS in HCC. Twelve studies 
reported the data on high pre-treatment serum AFP-L3% and OS 
in HCC [6-9,17,19-23,25,26]. Combined data showed that high 
serum AFP-L3% were significantly correlated with OS with a 
pooled HR estimate of 1.65 [95% confidence interval (CI): 1.45— 
1.89, p<0. 00001] without strong evidence on the presence of 
heterogeneity (x 2 = 14.61, f= 18%, p = 0.26). Subgroup analysis 
indicated that elevated pre-treatment serum AFP-L3 % levels were 
significandy associated with OS in HCC patients treated by 
surgical resection (HR: 1.54, 95% CI: 1.21-1.96, p = 0.0004) while 
no significant heterogeneity exists (x =4.59, 7 2 = 35%, p = 0.20). 
Moreover, high pre-treatment serum AFP-L3% exhibited strong 
association with OS in HCC patients treated by RFA and multiple 
treatment (HR: 1.50, 95% CI: 1.24-1.81, p<0.0001; HR: 1.97, 
95% CI: 1.51-2.58, p<0.00001, respectively) without heteroge- 
neity in the data (/ = 0.49, f = 0%, p = 0.78; /= 1.52, f-0%, 
p = 0.68, respectively). Sensitivity analyses were performed by 
considering only the studies with sample size& 100 and NOS score 
S6 and excluding the study with the largest effect size. The 
summary HRs of the eligible studies was not altered similarly to 
the overall effect of the meta-analysis (Table 2). 

High Pre-treatment Serum AFP-L3% and DFS in HCC 

Fig. 3 shows the forest plot for the association between high pre- 
treatment serum AFP-L3% and DFS in HCC. Seven of the studies 
reported data on high pre-treatment serum AFP-L3% and DFS in 
HCC [7,8,10,18-20,24]. High pre-treatment serum AFP-L3% was 
significantly associated with poor DFS in all studies except the 
Shiozawa's study. The combined data suggested that elevated pre- 
treatment serum AFP-L3% levels were significantly correlated with 
DFS with a pooled HR estimate of 1.80 (95% CI: 1.49-2.17, 



p<0. 00001), and thestatistical tests did not support heterogeneity in 
the data ix 2 = 4.82, f = 0%, p = 0.57). Subgroup analysis indicated 
that high pre-treatment AFP-L.3% levels were significandy related 
to DFS in HCC treated by surgical resection (HR: 2.02, 95% CI: 
1.37-2.99, p = 0.0004), without significant heterogeneity in the data 
(x 2 = 2.87, f = 30%, p = 0.24). Moreover, high pre-treatment serum 
AFP-L3% was also highly related with DFS in HCC patients treated 
by RFA and multiple treatment (HR: 1.73, 95% CI: 1.10-2.71, 
p = 0.02; HR: 1.72, 95% CI: 1.27-2.32, p = 0.0004, respectively), 
without strong evidence for heterogeneity (aT = 1.12, J 2 =10%, 
p = 0.29; x 2 = 0.48, f = 0%, p = 0.49, respectively). Since there is no 
significant heterogeneity among the eligible articles (x 2 = 4.82, 
r = 0%, p = 0.57), sensitivity analyses are not applicable. 

Subgroup Analyses 

Table 3 shows the detailed results of subgroup analyses. We 
found that the prognostic effects of high pre-treatment serum AFP- 
L3% on OS and DFS in HCC patients were similar for different 
treatment methods, between HBV infection and HCV infection, 
between highly sensitive and conventional AFP-L3 detection 
method, and between high AFP concentration and low AFP 
concentration [x p-value for subgroup differences >0.05). 
However, there was a trend that the summary HR on DFS from 
the eligible studies on highly sensitive AFP-L3 detection method 
was distinct from the conventional AFP-L3 detection method, 
which supported the predictive value of highly sensitive AFP-L3 
detection method on DFS (x 2 p-value for subgroup differenc- 
es = 0.08). It is worth noting that the number of eligible studies 
with data on the correlation of AFP-L3% with low AFP 
concentration on OS and on DFS is only two and one, 
respectively. The summary HR of OS and DFS suggested there 
was association between pre-treatment serum AFP-L3% and 
endpoint (OS and DFS) in HCC patients with low AFP 
concentration (HR: 1.96, 95% CI: 1.24-3.10, p = 0.004; HR: 
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Reference 



Weight 



Hazard Ratio 95% CI 



Hazard Ratio 95% CI 
Random 



Fukuda 1998 
Kobayashi 2007 
Leerapun 2007 
Nouso2011 
Saito 2012 
Shiina 2012 
Song 2002 
Takeji 2013 
Tarawa 2010 
Toyoda 200SR 
Toyoda 200SS 
Toyoda 2012 
Zhana 2011 



2.4% 
3.2° 0 
8.0% 
4.7% 
1.5% 
15.7% 
1.7% 
2.0% 
8.0% 
14.3% 
17.3% 
12.0% 
9.3% 



2.86 [1.23. 6.64] 
2.20 [1.07, 4.55] 
2.05 [1.33. 3.16] 
1.82 [1.01. 3.2S] 
2.92 [0.97. 8.74] 
1.45 [1.10. 1.90] 
3.78 [1.36. 10.48] 
3.03 [1.18. 7.77] 
1.67 [1.08.2.56] 
1.48 [1.10. 1.98] 
1.28 [1.00. 1.66] 
1.48 [1.06.2.06] 
1.95 [1.32.2.89] 



Total (95% CI) 100.0% 1.65 [1.45, 1.89] 



0.05 0.2 1 5 20 

Heterogeneity: Tau 2 = 0.01: Cltf = 14.61. df = 12 (P = 0.26); P = 18% 
Test for overall effect: Z = 7.34 (P < 0.00001) 

Figure 2. Forrest plot of the association between high pre-treatment serum AFP-L3% and OS of HCC patients. Hazard ratio and 
associated 95% confidence interval were calculated. OS: overall survival; AFP-L3: the lens culinaris agglutinin-reactive fraction of a-fetoprotein; HCC: 
hepatocellular carcinoma. 
doi:1 0.1 371 /journal.pone.008701 1 .g002 



2.53, 95% CI: 1.09-5.89, p = 0.03, respectively). Furthermore, 
subgroup analysis revealed that the prognostic effects of high pre- 
treatment serum AFP-L3% on OS and DFS in HCC patients with 
high AFP concentration and low AFP concentration were similar 
(x p-value for subgroup differences = 0.47, and 0.41, respectively). 

Publication Bias 

Publication bias estimate was mainly used to evaluate the 
reliability of meta-analysis results, especially those showed 
statistical significance. The assessment of publication bias using 
Begger's test provided evidence for publication bias in 
OS(p = 0.001),but not in DFS studies (p = 0.23) (Fig. S1A and 
SIB), Egger's test was used to provide further statistical evidence; 
however, the results showed obvious publication bias both in OS 
and DFS studies (p<0.001 and p = 0.022, respectively). 



Discussion 

Tumor invasiveness, metastasis and recurrence often result in 
poor clinical outcome of HCC patients [27]. Thus, it is important 
to identify molecular predictive markers for prognosis and for 
monitoring metastatic recurrence, which is helpful in selecting 
therapeutic strategies and can also improve survival of HCC 
patients. However, there are no widely accepted serologic markers 
associated with tumor progression, invasion and recurrence of 
HCC that are useful for the regular surveillance HCC with regard 
to treatment and outcomes. One candidate marker for the 
progression and prognosis of HCC is AFP-L3 [6,28] . Although 
the association of pre-treatment AFP-L3 with tumor development 
and progression has been explored for several years, yet the 
available data have not been analyzed comprehensively till now. 
Considered as a valuable tool in biomarker validation, a meta- 



Table 2. The results of meta-analyses and sensitivity analyses. 







No. of 


Pooled hazard 


F statistic 


a 2 p-value for 


p-value for 


Analytical 


Analysis 


studies 


ratio (95% CI) 


(%) 


heterogeneity 


overall effect 


model 


Primary analyses 


OS 


AFP-L3% elevation 6 " 9 ' 1 7 ' 19 - 23 ' 2 " 6 


12 


1.65 (1.45-1.89) 


18 


0.26 


p<0.00001 


REM 


DFS 


AFP-L3% elevation 7 ' 8 ' 10 ' 18 " 20 - 24 


7 


1.80 (1.49-2.17) 


0 


0.57 


p<0.00001 


REM 


Sensitivity analyses 


AFP-L3% elevation and OS 


Exclusion of study with the largest effect size 21 


11 


1.70 (1.50-1.94) 


0 


0.45 


p< 0.00001 


REM 


Sample size al0r y- 9 - 17 ' 19 - 21 ' 23 - 25 - 26 


10 


1.57 (1.40-1.77) 


0 


0.44 


p<0.00001 


REM 


NOS scoring a6 6 " 9 - 19 " 23 ' 2 " 6 


11 


1.62 (1.42-1.85) 


14 


0.30 


p<0.00001 


REM 


AFP-L3% elevation and DFS 


Not applicable 













CI, confidence interval; REM, random-effect model; DFS, disease-free survival; OS, overall survival; AFP-L3, lens culinaris agglutinin-reactive fraction of a-fetoprotein; NOS, 
The Newcastle-Ottawa Scale Score. 
doi:1 0.1 371 /journal.pone.008701 1 .t002 
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Reference 


Weight 


Hazard Ratio 95% CI 


Beppu2010 


7.6% 


2.14 [1.08. 4.25] 


Kobayashi 2011 


32.1% 


1.63 [1.17.2.28] 


Nouso 2011 


5.0% 


2.53 [1.09. 5.89] 


Saito 2012 


3.4% 


3.29 [1.19.9.11] 


Shiozawa 2009 


16.1% 


1.51 [0.94.2.41] 


Toyoda 2012 


23.2% 


1.57 [1.06. 2.32] 


Zhang 2011 


12.7% 


2.44 [1.43. 4.13] 


Total (95% CI) 


100.0% 


1.80 [1.49, 2.17] 



Hazard Ratio 95% CI 
Random 



H 1 — 

0.05 0.2 

Heteroaeneirv: Tan 2 = 0.00: CM 2 = 4.82. df = 6 (P = 0.57): I- = 0% 
Test for overall effect: Z = 6.08 (P < 0.00001) 



20 



Figure 3. Forrest plot of the association between high pre-treatment serum AFP-L3% and DFS of HCC patients. Hazard ratio and 
associated 95% confidence interval were calculated. DFS: disease-free survival; AFP-L3: the lens culinaris agglutinin-reactive fraction of a-fetoprotein; 
HCC: hepatocellular carcinoma. 
doi:1 0.1 371 /journal.pone.008701 1 .g003 



analysis was carried out to study the predictive value of high pre- 
treatment serum AFP-L3% on the prognosis of HCC patients. 

In this meta-analysis, we firstly evaluated the association of 
elevated pre-treatment serum AFP-L3% levels with OS and DFS 
in HCC. Many reports have shown that AFP-L3 status is an 
independent prognostic factor in patients with HCC [29-33], the 
elevation of it indicated poor prognosis and decreased survival 
rates. The results of eight studies[8-10,18,19,22,26] included in 
this meta-analysis shown that elevated preoperative AFP-L3 was 
an independent predictor of OS or DFS for HCC, while another 
four included studies [17,21,24,25] reported the opposite results. 
The pooled results demonstrated that high pre-treatment serum 
AFP-L3 levels significandy predicted poor OS and DFS for HCC 
(p<0.00001, p<0.00001, respectively), which may serve as an 
independent prognostic factor in patients with HCC. Although the 
analysis results were positive, the reasons for the differences of OS 
and DFS among HCC patients with high and low serum AFP-L3 
levels were still unclear. It is worth noting that many factors were 
usually correlated with poor prognosis of HCC, such as tumor 
invasion, metastasis, extent of cirrhosis, and treatment methods. 
Unfortunately, the relation between pre-treatment serum AFP- 
L3% levels and tumor invasion, metastasis and other clinicopath- 
ological parameters (such as tumor grade, stage, and cirrhosis) 
reported in those studies were not reliable, so we failed to estimate 
the association between pre-treatment serum AFP-L3% and those 
factors and can not determine the influence of these factors related 
to AFP-L3 level and OS or DFS. In this study, the subgroup 
analyses showed that high serum AFP-L3% levels was also 
significantly related with OS and DFS in HCC treated by surgical 
resection (p = 0.0004, p = 0.0004, respectively), RFA (p<0.0001, 
p = 0.02, respectively), or multiple treatment (p<0.00001, 
p = 0.0004, respectively). Furthermore, AFP-L3% levels were not 
found significantly different for surgically and non-surgically 
treated groups. Intriguingly, AFP-L3% was found to be a useful 
prognostic marker in AFP negative HCC [9,19]. We also noticed 
that the AFP-L3% level obtained by conventional measurement 
methods is unstable or even undetectable in cases with low AFP 
concentration. Most recently, a novel automated immunoassay for 
AFP-L3 has been developed [34,35], which enabled us to 
overcome this difficulty and showed that AFP-L3% was closely 
related to poor prognosis even in AFP negative HCC. In this 
meta-analysis, there are only two studies and one study 
respectively providing relevant data on the correlation of AFP- 
L3 with low AFP concentration on OS and DFS. The summary 



HRs of OS and DFS suggested that high pre-treatment serum 
AFP-L3% levels indicated a poor prognosis for patients with AFP 
negative HCC. Although the subgroup analysis revealed that the 
prognostic effects of high serum AFP-L3% on OS and DFS in 
HCC patients were similar for highly sensitive and conventional 
AFP-L3 detection method (x p-value for subgroup differences 
>0.05), there was a trend that the summary HR on DFS from 
eligible studies on highly sensitive AFP-L3 detection method was 
distinct from the conventional AFP-L3 detection method, 
supporting the predictive value of highly sensitive AFP-L3 
detection method on DFS (x p-value for subgroup differenc- 
es = 0.08). Thus, whether the highly sensitive AFP-L3 detection 
method were superior to conventional AFP-L3 detection method 
in predicting HCC prognosis remained to be investigated by 
further studies. 

Recently, des-y-carboxy prothrombin (DCP),one of tumor 
markers specific to HCC, has also been widely used to predict 
early postoperative recurrence and poor prognosis [2 1 ,36,37] . Ten 
of studies included in this meta-analysis also assessed the 
prognostic significance of DCP in HCC. Thus, we combined the 
data of DCP and compared its prognostic value with AFP-L3 for 
HCC. The results in this meta-analysis suggest that serum AFP- 
L3% may have better prognostic value than serum DCP for the 
HCC (data not shown). However, whether the combination of 
AFP-L3 with other markers will have an improved predictive 
ability for estimating survival in HCC remained to be assessed by 
further studies. 

Although we assessed comprehensively the prognostic signifi- 
cance of pre-treatment AFP-L3% in HCC, some limitations in our 
meta-analysis should be discussed. Firstly, potential language and 
risk bias may exist in this systematic review, because positive study 
results were more often published than negative ones and we only 
sought reports written in English. In addition, although we tried to 
identify all relevant information, some missing data were still 
unavoidable. Furthermore, our publication bias estimate using 
both Begger's plot and Egger's test showed that publication bias 
exists in studies on high serum AFP-L3 levels associated with OS 
and RFS. Secondly, aetiological bias was a concern, because most 
of the cohorts of eligible studies were hepatitis C virus-related 
HCC. Hence, we cannot know if AFP-L3 has the same 
performance in hepatitis B virus-related HCC. Thirdly, five 
retrospective studies [8,17,18,24,25] included in this meta-analysis. 
Although the results of both prospective and retrospective design 
subgroup analysis shown that high pre-treatment serum AFP-L3% 



PLOS ONE | www.plosone.org 



6 



January 2014 | Volume 9 | Issue 1 | e87011 



AFP-L3% and HCC Prognosis 



Table 3. Subgroup analysis of the eligible studies on 


high pre-treatment 


serum AFP-L3% associated with OS/DFS in HCC. 






No. of 


Pooled hazard 


P statistic 


x 2 p-value for 


a 2 p-value for 




Analysis 


studies 


ratio (95% CI) 


(%) 


heterogeneity 


subgroup differences 


Analytical model 


OS 


Therapeutic method 


Surgical resection 7 ' 8 ' 20 ' 21 


4 


1.54 (1.21-1.96) 


35 


0.20 




REM 


RFA 19 ' 21 ' 23 


3 


1.50 (1.24-1.81) 


0 


0.78 




REM 


Multiple treatment 9 ' 17 ' 25 ' 26 


4 


1.97 (1.51-2.58) 


0 


0.68 


0.24 


REM 


Viral infection 


HCV infection a50 0/ 0 «>.l7.19-23.25,26 


11 


1.57 (1.38-1.79) 


7 


0.38 




REM 


HBV infection >50% 6 ' 7 


2 


2.28 (1.32-3.95) 


29 


0.24 


0.20 


REM 


AFP-L3 detection method 


Highly sensitive 19 ' 20 


2 


1.55 (1.16-2.08) 


0 


0.54 




REM 


Conventional 6 " 9 ' 21 ' 22 ' 25 


8 


1.80 (1.44-2.25) 


41 


0.11 


0.43 


REM 


AFP concentration 


Low 9 ' 19 


2 


1.96 (1.24-3.10) 


0 


0.69 




REM 


High 6 " 8 ' 17 ' 20 - 23 ' 25 ' 26 


11 


1.65 (1.42-1.91) 


27 


0.19 


0.47 


REM 


Study design 


Prospective design 9,21,23 


3 


1.42 (1.22-1.66) 


0 


0.55 




REM 


Retrospective design 8,17, 25 


3 


2.27 (1.57-3.28) 


0 


0.68 


0.02 


REM 


DFS 


Therapeutic method 


Surgical resection 7,8,20 


3 


2.02 (1.37-2.99) 


30 


0.24 




REM 


RFA 19 ' 24 


2 


1.73 (1.10-2.71) 


10 


0.29 




REM 


Multiple treatment 10 ' 18 


2 


1.72 (1.27-2.32) 


0 


0.49 


0.79 


REM 


Viral infection 


HBV infection ==50% 7 


1 


2.44 (1.43-4.13) 


Not applicable 


Not applicable 




REM 


HCV infection > 5 o% 8 - 10 - 18 - 20 - 24 


6 


1.72 (1.40-2.10) 


0 


0.64 


0.23 


REM 


AFP-L3 detection method 


Highly sensitive 18 " 20 


3 


1.63 (1.32-2.03) 


0 


0.75 




REM 


Conventional 7 ' 8 ' 10 


3 


2.44 (1.66-3.59) 


0 


0.79 


0.08 


REM 


AFP concentration 


Low 19 


1 


2.53 (1.09-5.89) 


Not applicable 


Not applicable 




REM 


High 7 ' 8 ' 10 ' 18 ' 20 ' 24 


6 


1.76 (1.45-2.14) 


0 


0.53 


0.41 


REM 


Study design 


Retrospective design 8 ' 18 ' 24 


3 


1.67 (1.28-2.17) 


0 


0.39 




REM 



CI, confidence interval; REM, random-effect model; DFS, disease-free survival; OS, overall survival; RFA, radiofrequency ablation; AFP, a-fetoprotein; AFP-L3, lens culinaris 
agglutinin-reactive fraction of ot-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus. 
doi:1 0.1 371 /journal.pone.008701 1 .t003 



implied poor OS and DFS without significant heterogeneity in the 
data (p-value for overall effect <0.05), validation of the prognostic 
value of AFP-L3% in HCC in more prospective studies is 
required. In addition, liver cirrhosis, tumour stage and Portal Vein 
Tumor Thrombus (PVTT) were considered to be related to 
clinical outcomes in HCC patients. Unfortunately, the relation of 
high pre-treatment serum AFP-L3% and these important prog- 
nostic factors in HCC were not evaluated in this meta-analysis due 
to incomplete data. Finally, although the results of this meta- 
analysis suggested that pre-treatment AFP-L3% may have 
significant prognostic value in HCC patients with low AFP 
concentration, the external validity of results and applicability 
requires more studies to be done, because only two studies assessed 
the prognostic value of AFP-L3% in HCC with low AFP 
concentration in our meta-analysis. Therefore, we suggest that 
our results should be interpreted cautiously. 



In conclusion, our meta-analysis suggested that high pre- 
treatment serum AFP-L3% levels indicated a poor prognosis for 
patients with HCC, and pre-treatment AFP-L3 may have 
significant prognostic value in HCC patients with low AFP 
concentration. 

Supporting Information 

Figure SI A. Bias assessment plots for studies (OS) included in our 
meta-analysis. B. Bias assessment plots for studies (DFS) included in 
our meta-analysis. 
(TIF) 

Checklist SI PRISMA Checklist. 

(PDF) 
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